We analysed data from the Oxford hip and knee questionnaires collected by the New Zealand Joint Registry at six months and five years after joint replacement, to determine if there was any relationship between the scores and the risk of early revision. Logistic regression of the six-month scores indicated that for every one-unit decrease in the Oxford score, the risk of revision within two years increased by 9.7% for total hip replacement (THR), 9.9% for total knee replacement (TKR) and 12.0% for unicompartmental knee replacement (UKR). Our findings showed that 70% of the revisions within two years for TKR and 67% for THR and UKR would have been captured by monitoring the lowest 22%, 28% and 28%, respectively, of the Oxford scores. When analysed using the Kalairajah classification a score of < 27 (poor) was associated with a risk of revision within two years of 7.6% for THR, 7.0% for TKR and 24.3% for UKR, compared with risks of 0.7%, 0.7% and 1.8%, respectively, for scores > 34 (good or excellent).
We analysed data from the Oxford hip and knee questionnaires collected by the New Zealand Joint Registry at six months and five years after joint replacement, to determine if there was any relationship between the scores and the risk of early revision. Logistic regression of the six-month scores indicated that for every one-unit decrease in the Oxford score, the risk of revision within two years increased by 9.7% for total hip replacement (THR), 9.9% for total knee replacement (TKR) and 12.0% for unicompartmental knee replacement (UKR). Our findings showed that 70% of the revisions within two years for TKR and 67% for THR and UKR would have been captured by monitoring the lowest 22%, 28% and 28%, respectively, of the Oxford scores. When analysed using the Kalairajah classification a score of < 27 (poor) was associated with a risk of revision within two years of 7.6% for THR, 7.0% for TKR and 24.3% for UKR, compared with risks of 0.7%, 0.7% and 1.8%, respectively, for scores > 34 (good or excellent).
Our study confirms that the Oxford hip and knee scores at six months are useful predictors of early revision after THR and TKR and we recommend their use for the monitoring of the outcome and potential failure in these patients.
Osteolysis and asceptic loosening are the most common causes of revision after joint replacement. Early revision may be required for a variety of reasons including infection and dislocation in total hip replacement (THR), 1 and pain and aseptic loosening in total knee replacement (TKR). 2 Monitoring the progress of a patient with a joint replacement will allow the surgeon to recognise patients 'at risk' and to offer prompt intervention in order to avoid the major complications of failure of the implant. Several validated scoring systems have been introduced to assess the outcome after replacement surgery and to follow progress. These scores are predictive of the final outcome and function, but it is not known if they can indicate early failure.
The New Zealand Joint Registry for THR and TKR was established in 1998 and became fully national early in 1999. Over the nine years until 31 December 2007 it has collected data on 49 375 primary THRs, 34 458 primary TKRs and, since 2000, 4284 primary unicompartmental knee replacements (UKR). The Registry also collects data from patients in the form of the Oxford hip (OHS) and knee (OKS) questionnaires 3, 4 which are sent to them six months and five years after their replacement. The Oxford questionnaires were chosen because they are joint-specific with good evidence of reliability of content and validity of construct. 5 The questionnaires are easily administered without supervision and are an ideal instrument for collecting outcome data from very large numbers of patients. They are also used by other registries and feature in a number of other published studies. [6] [7] [8] [9] [10] The OHS and OKS questionnaires contain 12 questions, each with five options scoring from 0 to 4, all related to pain and function. The best possible score is 48 and the worst is zero. In the original publications each section scored from 1 to 5 with 1 being the best and 5 the worst. Thus the best possible score was 12 and the worst 60. In 2007 Murray et al, 11 recommended the change to that used above.
We have analysed the scores at six months and five years after joint replacement to determine if there was any relationship between them and the risk of early revision. Our hypothesis was that a patient with a poor score at six months would be more likely to require such a procedure.
Patients and Methods
Since 1999 and with the approval of ethical committees throughout New Zealand the joint registry has been collecting data on all primary and revision THRs and TKRs performed. Regular audit has shown a rate of capture of more than 95% from all hospitals which undertake joint replacement. At six months after their replacement, registered patients are sent the appropriate questionnaire, with an explanatory letter and instructions on how to complete the document and information regarding a toll-free help line. Initially, the rate of return of the questionnaires was 75%. However, because of the increasing logistical burden and cost of data collection, questionnaires have been restricted, after advice from the registry statistician, to a randomised 20% of the yearly total for primary THR and TKR. Each month a random 28% of patients who have been registered for six months are selected by the Registry computer to receive the Oxford questionnaires. Allowing for a rate of return of 75%, this ensures that 20% of the patients will have completed questionnaires six months after operation. All the patients with a UKR have been sent questionnaires, again with a rate of return of 75%.
A further questionnaire was sent after five years to all those who had registered scores at six months and had not undergone a revision procedure.
Revision is defined as a new operation in which at least one of the components is exchanged, removed, manipulated or added. It includes excision arthroplasty, arthrodesis and amputation, but not soft-tissue procedures. A two-stage procedure is registered as one revision.
The Oxford scores at six months were analysed with respect to the overall mean scores, individual section scores, the classification of Kalairajah et al 12 and their relationship to early revision. The scores after five years were analysed similarly and the results compared with the overall mean and individual sections of scores after six months. The relationship between the score at five years and later revision was also analysed.
Kalairajah et al 12 recommended a category of excellence for an OHS > 41, good for a score of 34 to 41, fair for 27 to 33 and poor for those < 27. Statistical analysis. Pearson's correlation coefficient (r) was used to test the association between the Oxford scores at six months and five years. Logistic regression analysis assessed the relationship between the score at six months and the probability of revision within the following two years. The mean scores for individual items within the Oxford questionnaire were compared between six months and five years using a paired t-test. A p-value ≤ 0.05 was considered to be statistically significant.
Results
Hips. There were 17 690 THRs with an OHS at six months. The mean age for this group of patients was 66.4 years (15.0 to 100.0). The pre-operative diagnoses are shown in Table I and the reasons for revision in Table II . The mean OHS was 40.8 (0.0 to 48.0), and 85% of patients had an excellent or good score as judged by the Kalairajah classification 12 (Table III) .
There were 3809 registered patients with scores at both six months and five years who had not had revision. The mean score at five years was 42.6 (5.0 to 48.0) and 87% of this group of patients were classified as excellent or good at six months. This has increased slightly to 89.3% at five years (Table III) . Table IV shows that there was a statistically significant improvement in most individual sections of the five-year scores. The most common persisting problems were limping, putting on socks and pain (Qs 10, 4, 1). Overall, however, there was little change between the score at six months and that at five years with 66.3% of patients in the same category on both occasions. The correlation (r) of 0.60 (Pearsons correlation coefficient, p < 0.001) between the two scores indicated that the score at six months was a good indication of the likely medium-term outcome. Knees. There were 13 627 TKRs with an OKS after six months. The mean age for this group of patients was 68.6 years (15.0 to 98.0). The pre-operative diagnoses are shown in Table I and the reasons for revision in Table V . The mean OKS was 37.0 (8.0 to 48.0) and 71.5% of patients were classified as excellent or good. There were 3611 registered patients with scores at both six months and five years who had not had a revision. The mean score at five years was 39.5 (1.0 to 48.0) and 74% of this group of patients were classified as excellent or good at six months which increased to 80.6% at five years.
When the individual questions were analysed the most common persisting problem in both scores was difficulty with kneeling (Qs 4). As with the hips, there was a statisti- cally significant improvement in most individual sections of the five-year scores (Table VI) , but overall there was little change between the scores, with 51.3% of patients in the same Oxford category on both occasions, with a correlation (r) between the two of 0.63 (Pearsons correlation coefficient p < 0.001). Again this indicated that the score at six months provided a good indication of the likely medium-term outcome (Table III) . Unicompartmental replacement. There were 3030 UKRs with an OKS at six months. The mean age of the patients was 66.5 years (38.0 to 94.0). The pre-operative diagnoses are shown in Table I and the reasons for revision in Table V . The mean score at six months was 38.8 (3.0 to 48.0) and 78.8% of the patients were classified as excellent or good (Table III) . Analysis of the individual questions showed the same persisting problems as for TKR but to a slightly less degree. At five years there were 494 patients who had scores at both six months and five years and who had not had a revision. The mean score was 40.9 (10.0 to 48.0). An excellent or good score at six months was seen in 83% of this group of patients and in 86.4% at five years (Table III) . Again there was statistically significant improvement in most individual sections of the five-year score (Table VII) . The correlation between the six-month and five-year scores was 0.58 (Pearsons correlation coefficient, p < 0.001) with 56.5% of patients in the same category on both occasions. The Oxford hip and knee score as a predictor of revision of the implant. Logistic regression indicated that for every one-unit decrease in the Oxford score the risk of revision within two years increased by 9.7% for primary THR, by 9.9% for TKR and by 12.0% for UKR (p < 0.001). Plotting of the revision rates within each Kalairajah group showed a significant incremental increase in risk for the lower Oxford scores for each type of replacement during the first two years (Figs 1 to 3) . The risk was in excess of 15-fold for THR and UKR and approximately 10-fold for TKR for those in the < 27 group compared with the > 41 group. Alternatively, 36% of THR, 54% of TKR and 49% of UKR revisions occurred in patients with scores < 27, and if the fair group results were added to the poor group, the respective figures were 53%, 70% and 67% (Table III) . The numbers were too small for formal statistical analysis of the revisions within two years of the five-year Oxford scores. However, of the five primary THRs which required revision within two years of the five-year score, four had Oxford scores of less than 27 and one a score of 34.
Discussion
The OHS and OKS are widely used as patient-derived outcome measures after THR and TKR because of the specificity, reliability and continued validity which, coupled with the ease of administration, ensure high patient compliance. They compare very favourably with other more complicated health-outcome measures.
3-5,7,13 Medalla et al 14 showed that the OKS correlated well with the American Knee Society score at two years after TKR and recommended that it was a reliable tool for identifying which patients required review in the shorter term. This is important for busy orthopaedic departments in which resources are often stretched and regular review of well-functioning replacements is both time-consuming and not cost-effective.
In our study the mean total and individual scores between six months and five years improved slightly in the three groups, but these changes were not considered to be clinically significant. The significances were mainly due to the large sample sizes. However, correlations of about 0.60 between the scores at six months and five years indicated that the six-month score was a good predictor of the likely medium-term outcome. This finding was consistent with the ceiling effect of some outcome measures, including the OHS and OKS, described by Pynsent et al 8 and Marx et al. 13 As with other studies 8, 10 the mean OHS at both six months and five years was significantly better than the corresponding mean OKS (Independent t-test, p < 0.001).
The routine use of outcome scores after joint replacement is important for monitoring the functional outcome and allowing valid comparison to be made among published studies. However, there have been few data published on the correlation between poor early functional outcomes and the likely requirement for revision. The relationship between the OHS and OKS at six months and early revision was suspected when it was noted during preparation of the seven-year report of the New Zealand joint registry that the mean score at six months for primary THRs and TKRs, which had subsequently been revised, was significantly lower than for those which had not been revised. Further investigation showed a significant statistical relationship between the score at six months and revision within two years of that date. Our study has confirmed that there is a strong correlation between the early Oxford score and the need for revision within two years for THR, TKR and UKR. For each unit decrease on the Oxford questionnaire scale the revision rate increased by approximately 10% for THR and TKR and by 12% for UKR. When logistic regression was applied to the Oxford scores grouped in the four Kalairajah categories as in Figures 1 to 3 , it confirmed the usefulness of the Kalairajah classification as a predictor of revision within two years. For example, the risk was found to be in excess of 15-fold for THR and UKR and approximately 10-fold for TKR for those in the < 27 group compared with the > 41 group. Patients with a UKR scoring less than 27 (Kalairajah category, poor) had a risk of revision of 25% within two years of the date of the score. In terms of the actual numbers of joints revised, however, those outside the Kalairajah poor group accounted for 64%, 46% and 52%, respectively, for THR, TKR and UKR, but were reduced to 47%, 30% and 33%, respectively, when the Kalairajah poor and fair groups were combined. A more practical way of analysing the relationship between the scores at six months and early revision is to examine the number of patients who need to be monitored in order to detect most of those likely to require early revision. For example, monitoring the lowest 28%, 22% and 28% of the Oxford scores respectively for THR, TKR and UKR would have captured 70% of the TKR and 67% of the THR and UKR revisions within two years.
Analysis of the data indicated a similar trend in all three groups at five years as for the scores at six months, but to date the numbers are too small for formal statistical analysis. However, of the five primary THRs which had revision within two years of the five-year score, four had scores < 27 and the fifth a score of 34.
Our study has its limitations. The scores were not assessed before operation but, at the time of setting up the Registry, investigations indicated that the compliance rate for pre-operative data, which would have to be initiated by both individual surgeons and orthopaedic departments, would be too low and sporadic. It is possible that analysis of the change between the pre-operative scores, those after six months and early revision could be even more significant than those at six months alone. Also, there are no reliable data on post-operative complications or other problems which could have a bearing on the score at six months, but were unrelated to function and the need for revision. Failures such as recurrent dislocation or deep infection, which are managed conservatively, could, if captured, add to the significance of the relationship between the Oxford score and revision. Another criticism is that, for logistical reasons, only 20% of the primary THRs and TKRs had data entered into the Registry. Currently, this equates annually to approximately 1400 THRs and 1300 TKRs. It can be argued that this randomly registered 20% from the whole of New Zealand was not representative of the other 80% and introduced bias to the study. However, the very large numbers which have been generated over the nine years should minimise possible statistical bias. Furthermore, the pre-operative diagnoses, the reasons for revision and their percentage representation within each of the study groups are very similar to the whole database of the New Zealand joint registry. 15 All patients with UKR are sent questionnaires at six months and with the 75% return rate approximately 400 are entered annually into the joint registry database.
A further criticism is that our study was based on the scores at six months, but it has been widely reported that improvement takes place throughout the first year and then levels off. 6, 9, 11, 13, 16 When the New Zealand joint registry was being developed in the late 1990s it was reasoned that at six months the operation and rehabilitation would still be a recent significant event for the patient and therefore encourage a high rate of return of the questionnaire. This proved to be true with a 75% return at six months. At five years it was slightly better at 80%. Also, the developers of the OHS and OKS used the scores at six months in their validation. 3, 4 Our study has confirmed that at six months the OHS and OKS are reliable predictors of early revision of THR and TKR and as such we believe that they should be universally used to monitor outcome and potential failure. Of our patients those who have an Oxford score at six months of less than 34 for TKR and UKR and of less than 39 for THRs have an approximately 70% chance of requiring revision within two years. We recommend, therefore, that the approximately 25% of patients who fall into the above categories should be followed at more regular intervals, perhaps six-monthly, for at least five years since the risk of failure can be up to 15-fold higher than for those who score greater than 41 (Kalairajah group excellent). Conversely, those who have higher scores are unlikely to require early revision and could be reviewed at less regular periods. Adoption of this approach should allow the use of the Oxford score at six months to rationalise follow-up without compromising other indicators of failure of the implant and as such offers a more cost-effective approach in the long-term surveillance of these patients.
